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By Inventors: 
Honkai (John) Tarn and Pranjal Srivastava 

Background of the Invention 

1 . Field of the Invention 

[1] The present invention relates generally to data transmission networks, and more 
particularly, to methods and systems for latching received data for subsequent use. 

2. Description of the Related Art 

[2] A jam latch is a circuit that is typically used to capture data being output from a 
previous circuit or device in a data system. The jam latch temporarily holds the data so 
that a subsequent device or circuit can read the data. In this manner the data can be 
accurately captured so that the subsequent stage can use the correct data level. The 
jam latch circuit can also increase the power of (i.e., amplify) the data signal. By way 
of example a jam latch can be used to capture data on a data bus for a device coupled 
to the data bus, amplify the captured data and then output the captured data to the 
coupled device. 

[3] Figure 1 is an exemplary prior art jam latch circuit 100. A cross-coupled 
latching inverter pair XI, X2 latches high whenever either of the DATA IN 1 or 
DATA IN 2 signals go low. By way of example, when DATA IN 1 switches to a low 
state voltage, transistor M3 begins to conduct which applies a high state voltage to 
DD_SIN. DD_SIN in the high state causes the inverter pair XI, X2 to latch in a high 
state and maintain a high signal level applied to DD_SIN even after M3 stops applying 
the high state voltage to the DATA IN 1 (i.e., when M3 stops conducting). Similarly, 



Attorney Docket No. SUNMP314/P9272/MG 2 PATENT APPLICATION 

ASP/GBL 

when DATA IN 2 goes low, transistor MO conducts a high state to DD SIN, which can 
also cause inverter pair XI, X2 to latch in a high state. 

[4] When DD_SESf is high, inverter XO inverts DD_SIN to output a low state 
SIN_1 signal. The SIN_1 signal is applied to input 102A of nand gate X3. As long as 
at least one of inputs 102 A, 102B, 102C is low on nand gate X3, then DD_OUT will 
be a high state. The low SIN_1 is output from inverter XO a time delay referred to as a 
"one gate delay" from when the DD_SIN goes high. The one gate delay is caused by 
the time required for the inverter XO to switch from one state to the other (i.e., from 
high state to low state). 

[5] The inverter pair XI , X2 remains latched high (and therefore DATA OUT 
high) until all of the reset transistors Ml, M5, M7 conduct at the same time. When all 
the reset transistors Ml, M5, M7 conduct, a low signal level (i.e. ground potential) is 
applied to the inverter pair XI, X2 (i.e., the high state voltage of the inverter pair is 
pulled down to a low potential). Thus the inverter pair XI, X2 is reset to a low state. 
As shown, reset transistor M5 will conduct when DATA IN 1 is high, reset transistor 
Ml will conduct when DATA IN 2 is high, and reset transistor M7 will conduct when 
the clock signal (CLK) goes high. One or more additional reset transistors (not shown) 
can also be included in series with the reset transistors Ml, M5, M7 such as to allow 
an additional reset condition control (e.g., an enable control). Resetting the inverter 
pair XI, X2 is a "three gate delay" as the resulting data output will not change until the 
inverter pair XI, X2, the inverter XO and the nand gate X3 switch states. 

[6] When the inverter pair XI, X2 is reset to a low state, a low state is applied to 
the DD_SIN. The inverter XO inverts the low DDJSIN to output a high SIN_1 . A 
high applied to each of the nand gate X3 inputs 102 A, 102B, 102C causes the DATA 
OUT to be low. 

[7] Both the input and the output of keeper circuit Kl are coupled to DATA IN 1 . 
Keeper circuit Kl includes an inverter XK1 that has an input coupled to the DATA IN 
1 and an output coupled to the base terminal of a transistor MK1 . The transistor MK1 
has an input coupled to a high state potential and an output coupled to the DATA IN 1 . 
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When the DATA IN 1 goes high, the XK1 outputs a low potential that will enable 
transistor MK1 thereby causing transistor MK1 to conduct the high state potential to 
DATA IN 1. Keeper circuits Kl, K2 support the dynamic logic level on the respective 
data lines DATA IN 1 and DATA IN 2, so that the logic level does not leak down (or 
up) to an incorrect or ambiguous logic level. 

[8] As described above, the jam latch 100 captures when the data level goes low on 
either of the DATA IN 1 and DATA IN 2 data lines and, one gate delay later, outputs a 
high signal level from the nand gate X3. The jam latch 100 can also amplify the data 
signal level so that the signal levels on DATA IN 1 and DATA IN 2 can be very low 
(e.g., O.Ov = low state and 0.3v = high state) and DATA OUT have much higher signal 
voltages (e.g., l.Ov = low state and 5.0 v = high state) and power levels so that 
subsequent devices can be driven by the DATA OUT output voltage and current. 

[9] The prior art jam latch circuit 100 has several shortfalls that limit, for example 
the scalability of the jam latch circuit. The short falls include excessive internal loads 
and excessive switch time (i.e., switch speed too slow). The excessive internal loads 
require larger circuit elements (i.e., device size) therefore uses more power and 
geography on the semiconductor die. By way of example, DATA IN 1 is connected to 
three devices: keeper Kl and transistors M3 and M5. Each of the three devices Kl, 
M3 and M5 form a parasitic load on the DATA IN 1 data line. As a result, this 
parasitic load can increase the switching time of the DATA IN 1 data line as these 
parasitic loads must also be charged or discharged as the state of the DATA IN 1 data 
line changes. This parasitic load can be a greater proportion of the total load as the 
gain of the jam latch 100 is reduced. By way of example, in a jam latch having a gain 
of 16 (i.e., 16 times power amplification), the total load is substantially greater than in 
a similar jam latch having a gain of 4, while the parasitic load caused by keeper Kl and 
transistors M3 and M5 remain constant in either of the jam latches. 

[10] Further, each of the series reset transistors Ml, M5 and M7 are sized the same 
so that they switch substantially identically. The series reset transistors Ml, M5 and 
M7 must also be sized to sink the current conducted across the series reset transistors. 
In the typical two data line jam latch 100, series reset transistors Ml, M5 and M7 have 
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a device size of 5.76 micron. In a similarly designed three data line jam latch, the 
corresponding series rest transistors Ml, M5 and M7 and an additional transistor (i.e., 
for the third data line) would have a device size of 7.2 micron so as to be able to 
handle the increased current demands caused by the additional series transistor. In yet 
another similarly designed four data line jam latch circuit, the series reset transistors 
would be even larger. As a result, the design of the jam latch 100 cannot be efficiently 
scaled to include more than two or possibly three data lines. As the device sizes of the 
series rest transistors Ml and M5 increases their corresponding parasitic loads of the 
corresponding data lines (i.e., DATA IN 2, DATA IN 1, respectively) are also 
increased, further degrading the switching performance of the data lines. 

[11] In addition, as the device size of the series reset transistors increase, the space 
required for the larger devices increase and can therefore consume excessive area of 
the semiconductor die. Further, the increased current load of the larger device sizes 
increases the overall current load and the resulting heat dissipation required for the jam 
latch circuit. The increased heat load can further complicate the design and placement 
of the jam latch components. Larger devices typically also have slower switching 
times at the same current level or require additional current to cause the switching time 
to remain approximately comparable to a similar smaller device. In view of the 
foregoing, there is a need for a scalable, power efficient jam latch circuit. 
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Summary of the Invention 

[12] Broadly speaking, the present invention fills these needs by providing an 
improved, more efficient jam latch. It should be appreciated that the present invention 
can be implemented in numerous ways, including as a process, an apparatus, a system, 
computer readable media, or a device. Several inventive embodiments of the present 
invention are described below. 

[13] One embodiment provides a jam latch circuit reset circuit. The jam latch 
circuit reset circuit includes an activation device. The activation device having 
respective inputs coupled to each one of several data lines. A first reset device is also 
included and has a first control input coupled to an output of the activation device. 
The first reset device having a reset voltage source coupled to an input of the first reset 
device. A second reset device is also included and has a second control input coupled 
a control signal. The second reset device being coupled in series with the first reset 
device. A storage cell is coupled to an output of the second reset device. 

[14] An output of the storage cell can be coupled to the output of the second reset 
device. The control signal can be a timing signal. The activation device can be a logic 
device such as an and gate, or a nand gate, xor gate or other suitable logic device. 

[15] A voltage source can also be coupled to the output of the storage cell through a 
voltage source controller. The voltage source controller can include a control input 
coupled to the output of the activation device. 

[16] Each of the voltage source controller, the first reset device, and the second reset 
device can include transistors. The plurality of data lines can include two or more data 
lines. The storage cell can include a storage cell input and a storage cell output, the 
storage cell input being opposite the storage cell output. The output of the second reset 
device being coupled to the storage cell output, and an input circuit being coupled to 
the storage cell input. 

[17] Another embodiment provides a method of capturing data in a jam latch circuit. 
The method including receiving a respective data signal on at least one of several data 
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lines. A storage cell is charged on storage cell input. A data signal from a storage cell 
output. The respective data signal from each of the data lines and the data signal 
output from the storage cell output are combined and a jam latch output data signal is 
output. The jam latch circuit can be reset by combining the respective data signal from 
each of the data lines to activate a first reset device. A second reset device is activated 
by a control signal and a reset voltage is applied to the storage cell. 

[18] Combining the respective data signal from each of the data lines to activate the 
first reset device can include coupling the respective data signal from each of the data 
lines to an activation device and outputting an activation signal, from the activation 
device to the first reset device, when a level of the respective data signal from each of 
the data lines is substantially equal. 

[19] Yet another embodiment provides a method of resetting a jam latch. The 
method including combining a respective data signal from each of multiple data lines 
to activate a first reset device, activating a second reset device with a control signal, 
and applying a reset voltage to a storage cell. 

[20] Combining the respective data signal from each of the multiple data lines (e.g. 
two or more data lines) to activate the first reset device can include coupling the 
respective data signal from each of the data lines to an activation device and outputting 
an activation signal, from the activation device to the first reset device, when a level of 
the respective data signal from each of the plurality of data lines is substantially equal. 

[21] The control signal can include a clock signal. The control signal can be 
inverted. The method can also include disconnecting a voltage source from the storage 
cell. The voltage source is disconnected from the storage cell substantially 
simultaneously with activating the first reset device. 

[22] The method can also include coupling a reset voltage across the activated first 
reset device and across the activated second reset device to apply the reset voltage to 
the storage cell. 
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[23] Other aspects and advantages of the invention will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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Brief Description of the Drawings 

[24] The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, and like reference 
numerals designate like structural elements. 

[25] Figure 1 is an exemplary prior art jam latch circuit. 

[26] Figure 2 is a block diagram of a two data line jam latch circuit, in accordance 
with one embodiment of the present invention. 

[27] Figure 3 is a block diagram of a three data line jam latch circuit, in accordance 
with one embodiment of the present invention. 

[28] Figure 4A is a flowchart diagram that illustrates the method operations 
performed by a jam latch circuit, in accordance with one embodiment of the present 
invention. 

[29] Figure 4B is a flowchart diagram that illustrates the method operations of 
resetting a jam latch circuit, in accordance with one embodiment of the present 
invention. 

[30] Figure 5 is a semiconductor die, in accordance with one embodiment of the 
present invention. 
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Detailed Description of the Exemplary Embodiments 

[31] Several exemplary embodiments for an improved jam latch circuit will now be 
described. It will be apparent to those skilled in the art that the present invention may 
be practiced without some or all of the specific details set forth herein. 

[32] Jam latches are used extensively in digital circuits to detect, capture and 
amplify data signal levels for use in a subsequent circuit. Jam latches thereby increase 
the accuracy of the data being provided to the subsequent circuit. An efficient jam 
latch circuit should include efficiency of power consumption, geographical 
consumption (i.e., small device size) and fast switching speed for use in higher 
frequency (i.e., faster switching) systems. 

[33] Figure 2 is a block diagram of a two data line jam latch circuit 200, in 
accordance with one embodiment of the present invention. The charging of a cross- 
coupled inverter pair X21, X22, is accomplished through MOS transistors M21, M22. 
Discharging or resetting of the inverter pair X21, X22 is also unique as will be 
described in more detail below. Charging the inverter pair X21, X22 begins when 
transistors M21 and M22 begin conducting when the respective DATA IN 1 and 
DATA IN 2 go low. When either of transistors M21 and M22 are conducting a high is 
applied to DDSIN. DD_SIN is coupled to an input side of the inverter pair X21, X22. 
A high on DDSIN applies a high to the inverter pair X21, X22 charging the input side 
of the inverter pair to a high state. When the inverter pair X21, X22 are charged in a 
high state by DD_SIN, an output signal DD_SIN_L goes low because the output signal 
is taken from the opposite side of the cross coupled inverter pair X21, X22, thereby 
eliminating the need for inverting the output signal (and the associated inverter X0) 
from the cross coupled inverter pair such as described in Figure 1 above. The output 
signal DD_SIN_L is coupled to input 102 A of output nand gate X3. 

[34] A one-gate delay (output nand gate X3) transpires between when DATA IN 1 
goes low to when the DATA OUT can switch due to the arrival of the corresponding 
low applied by the DATA IN 1 causing the output of the nand gate X3 to go high. 
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This one-gate delay is substantially the same as the three-gate delay that occurs in the 
prior art jam latch circuit 100 described in Figure 1 above and therefore the timing is 
substantially similar. 

[35] The reset process of the inverter pair X2 1 , X22 is significantly different than 
the reset process for the prior art jam latch circuit 100 described in Figure 1 above. A 
nand gate X23 has inputs coupled to each of the DATA IN 1 and DATA IN 2 rather 
than having larger, individual transistors Ml, and M5, as shown in Figure 1 above. 
The device sizes and corresponding parasitic loads of the nand gate X23 inputs can be 
much smaller than prior art transistors Ml and M5. As a result, the loading problems 
caused by transistors Ml and M5 can be substantially reduced and the performance of 
the jam latch is therefore improved. Because the parasitic loads are reduced on each of 
the DATA IN 1 and DAT IN 2, the switching frequency is increased (i.e., reduces 
switching time). The reduced load also reduces the power dissipation requirements of 
the jam latch 200 thereby providing a more power efficient performance. The reduced 
device sizes of the nand gate X23 also reduces the space required on the semiconductor 
die, thereby allowing a more efficient use of the valuable real estate of the 
semiconductor die. 

[36] Two series reset transistors M23, M24 are coupled to the output side of the 
cross-coupled inverter pair X21, X22. The cross-coupled inverter pair X21, X22 are 
reset when a high state voltage is applied to the output by series reset transistors M23, 
M24. When the output DDH_IN_L of the nand gate X23 goes low, transistor M23 
conducts a high state voltage to transistor M24. Transistor M24 conducts one gate 
delay after the clock signal CLK goes high at the input of inverter X24. The output of 
inverter X24 goes low which enables transistor M24. When both transistor M23 and 
transistor M24 are conducting, then the cross-coupled inverter pair X21, X22 are reset 
and the output DD_SIN_L goes high. The cross-coupled inverter pair X21, X22 are 
reset after a three-gate delay (inverter X24, transistor M24 and inverter pair X21, X22) 
similar to the reset delay described in Figure 1 above. 

[37] Transistor M24 must turn off from a previous cycle, before transistor M23 
begins conducting in a current cycle. To ensure this timing, in one embodiment, 



Attorney Docket No. SUNMP314/P9272/MG 1 1 PATENT APPLICATION 

ASP/GBL 

transistor M23 has an about 10% slower switching time so that transistor M24 can be 
disabled by signal IN1CLK1 going high before transistor M23 begins conducting. 

[38] Transistor M25 is also coupled between a low state voltage (e.g., a ground 
potential) 210 and the output side of the cross-coupled inverter pair X21, X22. 
Transistor M25 conducts whenever the output signal DDHJNJL from nand gate X23 
is high (i.e., one gate delay after any one or both of the DATA IN 1 or DATA IN 2 go 
low). Transistor M25 functions as a pull down transistor to assist transistors M21 and 
M22 in charging the cross-coupled inverter pair X21, X22. During the charging 
phase, transistor M25 discharges the reset high state applied to the output of the cross- 
coupled inverter pair X21, X22, during the reset by transistors M23 and M24. 
Transistor M25 will turn off substantially the same time as transistor M23 is enabled as 
both transistors are activated by opposite states of the signal DDHJDNML output from 
the nand gate X23. 

[39] Figure 3 is a block diagram of a three data line jam latch circuit 300, in 
accordance with one embodiment of the present invention. The three data line jam 
latch circuit 300 is very similar to the two data line jam switch circuit 200 shown in 
Figure 2 above. The three data line jam latch circuit 300 includes a third data line 
DATA IN 3 and corresponding input transistor M31, keeper circuit K3, input 302D to 
output nand gate X33, and third input to nand gate X3 1 . As described above, the nand 
gate X3 1 provides a low parasitic load input to the reset circuit that includes nand gate 
X23, transistors M23, M24, M25 and inverter X22. The reset circuit provides a 
minimal load to the data lines DATA IN 1, DATA IN 2 and DATA IN 3. 

[40] As shown by a comparison of the two data line jam latch circuit 200 and the 
three data line jam latch circuit 300, additional data lines can be easily added with 
minimal changes to the overall circuit design. Also important to note is that the 
corresponding data delay, current load and resultant thermal load, and device sizes all 
remain substantially constant as the number of data lines increases. This will allow the 
reset circuitry to be easily scaled up to any desired number of data lines (e.g., 4, 5 . . .8 
or more data lines). 
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[41] Figure 4A is a flowchart diagram 400 that illustrates the method operations 
performed by a jam latch circuit, in accordance with one embodiment of the present 
invention. In an operation 405, a data signal is received. The data signal can be 
received on any one of several data lines that are included in the jam latch circuit. 

[42] In an operation 410, the jam latch output signal is switched to the 
corresponding state. The jam latch output signal can be produced in a nand gate, an 
and gate, an xor gate or other suitable logic device. 

[43] In an operation 415, a storage cell is charged. The storage cell can be any 
suitable type of storage cell such as the cross-coupled inverter pair X21, X22 shown in 
Figure 2 above. The storage cell can be charged from either an input side or an output 
side of the storage cell. A pull up circuit can also be used to assist in charging the 
storage cell. 

[44] In an operation 420, a corresponding data signal is output from the storage cell. 
The data signal can be output from the input side or from an output side that is 
opposite from the input side of the storage cell. 

[45] In an operation 425, the corresponding data signal is combined with a 
respective data signal from each of the data lines to support and maintain the jam latch 
output signal in operation 430. At this point the data signal output from the storage 
cell can determine the jam latch output signal and the corresponding data signals on 
each of the several data lines can vary. In this manner the desired logic level can be 
accurately captured in the storage cell and the jam latch output signal be maintained 
independent of the subsequent signal levels on the data lines. 

[46] In an operation 435, the storage cell is reset through a reset circuit. The reset 
circuit can included a reset nand gate that has an input coupled to each of the data 
lines. In an operation 440, the reset signal level is output from the storage cell causing 
the output data signal to change state and the method operations end. 

[47] Figure 4B is a flowchart diagram 450 that illustrates the method operations of 
resetting a jam latch circuit, in accordance with one embodiment of the present 
invention. In an operation 452, resetting the storage cell includes combining the 
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respective data signal from each of the data lines so as to activate (e.g., bias) a first 
reset device. The first reset device can be a first transistor circuit. The first transistor 
circuit can be coupled to a reset voltage source. The reset voltage is conducted across 
the first reset device when the first reset device is activated. The first reset device is 
coupled in series with a second reset device. 

[48] In an operation 454, the second reset device is activated so as to conduct the 
reset voltage across the second reset device to the storage cell. The second reset device 
can be activated by a timing signal such as a clock signal, in inverted clock signal or 
another timing signal. The activation time of the first reset device and the second reset 
device can be different. In one embodiment, the first reset device is activated after the 
second reset device. The first reset device can be activated after the second reset 
device due to variation in respective switching speeds of the first reset device and the 
second reset device. 

[49] In an operation 456, the storage cell is reset and the method operations end. 
Resetting the storage cell can also include disconnecting a voltage source from the 
storage cell. In one embodiment, the storage cell can be disconnected from the voltage 
source when the first reset device is activated. 

[50] Figure 5 is a semiconductor die 500, in accordance with one embodiment of the 
present invention. The semiconductor die 500 includes a jam latch circuit 502 such as 
a two or more data line jam latch circuits 200 and 300 described above. The jam latch 
circuit 502 is coupled to the output of a first logic circuit 510 and captures data output 
from the first logic circuit. An output of the jam latch circuit 502 is coupled to a 
second logic circuit 520 that uses the data output from the jam latch circuit. A clock 
signal 530 is also coupled to the jam latch circuit 502, the first logic circuit 510 and the 
second logic circuit 520. 

[51] As used herein in connection with the description of the invention, the term 
"about" means +/- 10%. By way of example, the phrase "about 250" indicates a range 
of between 225 and 275. It will be further appreciated that the operations represented 
by the operations in Figures 4A and 4B are not required to be performed in the order 
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illustrated, and that all the processing represented by the operations may not be 
necessary to practice the invention. Further, the processes described in Figures 4A and 
4B can also be implemented in software stored in any one of or combinations of the 
RAM, the ROM, or the hard disk drive. 

[52] Although the foregoing invention has been described in some detail for 
purposes of clarity of understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. Accordingly, 
the present embodiments are to be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but may be modified within 
the scope and equivalents of the appended claims. 
What is claimed is: 



